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to my wife 
Abstract 
An investigation of the fluoride concentration of cementum 
of rat molars was performed utilizing sixty Sprague-Dawley rats, 
averaging eighty grams, thirty-one to thirty-six days of age 
at the onset of the project. The experimental period was from 
twenty-two to thirty-five days. The ·rats were randomly ~laced 
into seven groups and were fed Purina Laboratory chow and tap 
water, to which had been added either none, 50, or 100 ppm 
fluoride. At the conclusion of the study the first and second 
maxillary and mandibular molars were extracted and the apica,l 
one millimeter of each root was collected for analysis. The 
samples were ashed and then dissolved in 1 ml of 0.5 M HCl04 
and 4 ml of 0.5 M Na ·citrate. The fluoride concentration of the 
samples was obtained by use of the · Ionalyzer (Orion Research, Inc., 
Model 401) with its component specific fluoride ion activity 
electrode and essential reference electrode and standardizing 
solutions. The results were statistically significant (p <.001) 
and the mean fluoride values ranged from 500 ppm to 2,100 ppm for · 
the controls and from 3,900 ppm to 6,500 ppm for the experimental 
rats ingesting 100 ppm fluoride in their drinking water. The 
experimental design and significance of the results are discussed. 
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Introduction I • 
Because of tne dearth of information about cementum and the 
obvious problems related to it, an investiga~ion into the nature 
of cementum was deemed necessary. If fluorides can be used to 
protect the cementum from carious processes, can aid in the 
prevention of cemental resorption, and can decrease the incidence . 
and. severity of cemental hypersensitivity, the prognosis and 
acceptability of periodontal therapy woµld be greatly enhanced. 
This investigation has been undertaken as a preliminary experiment · 
to develop a model system for the study of the effects of fluoride 
on cement1,1m. · 
Although the efficacy of fluoride therapy in patients with 
bone diseases is controversial, there is evidence to support its 
wide therapeutic margin of safety (1-6). The plasma level of 
fluoride in animals and humans remains quite constant under varied 
doses of orally ingested fluorides, even at extremely high concen• 
trations (7). 
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Buttner and Muhler (8) have shown that fluorides can reduce 
enamel solubility when administered in the drinking water of 
rats at the rate of one mg. daily for three weeks • . Green and 
Hartles (9) found that topical applications of fluorides could 
reduce caries without necessarily reducing the surface solubility 
of molar teeth of rats. They also found that a reduction of 
surface solubility could be achieved without a diminished caries 
experience. There is some evidence that fluoride exerts a 
• 
protective effect on bone by decreasing the solubility of the 
hydroxyapatite crystal (10). Bone resorption is thought to be 
prevented by causing a reprecipitation of calcium as fluorapatite 
of low solubility on the surface of bone cry~tals (7). 
Fluoride purportedly aids in the prevention of demineralization 
of bone (7,10). One postulated method for the improved crystallinity 
produced by fluoride is that an increased crystal growth rate follows 
a greater nucleation rate,both of which are due to the higher super-
saturation resulting from the presence of fluoride in the serum and 
the final crystalling phase. A more stable bone apatite is produced 
by the increased crystallinity and the isomorphous substitutions of 
fluoride in the apatite crystal. This results in a smaller surface 
exposure per mass unit which, in turn, . reduces the concentrations 
of t~o solubilizing anions, carbonate and citrate, on the crystal 
surf~ces (11). 
. -2- . 
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Early investigations about the mineral content of cementum 
are inconclusive (12,13). Selvig and Selvig (14) determined the 
calcium, magnesium, and phosphorous content of cementum and found 
less of these minerals in cementum than in dentine. The data 
presented supports the view that cervical cementum has a higher 
mineral content that apical cementum when the age of the tooth 
is considered. In human ceme~tum there was no consistent trend 
when the mineral content per unit dry weight of the cervical, 
middle, ~nd apical root areas within each age group were compared. 
However, the root dentine in the apical area becomes more mineralized 
with age. Microradiographic and autoradiographic methods of investi-
gating the distribution of mineral salts in cementum are rare and 
are all qualitative or semi-quantitative (15-19). Selvig and 
Zander (20) confirmed reports by Forsberg (21) that cervical cementum 
' 
in periodontally involved human teeth had a higher mineral content 
than similar cementum of teeth with healthy periodontium. It seems 
likely t~at this is due to surface mineralization as a result of 
exposure to oral fluids. 
The effect of surface mineralization is noted again by the 
fluoride gradient in enamel. There is a decreasing concentration 
of fluoride from the surface inward in enamel of extracted and 
. 
biopsied teeth (22). Also, the higher fluoride values for supra-
gingival calculus when compared to subgingival calculus attest to 
the adsorption of fluoride by surface contact with oral fluids (23) • 
. -3-
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Cementum which is formed quickly and in large quantities, 
ip cases of hypercementosis or as a reparative response in 
resorption p~ocesses, is less mineralized than normal cementum, 
which in turn is two to six percent less mineralized than 
I 
d~ntine (24). Soni et al (~5) found unmineralized remains of 
collagen fibers from the periodontal ligament in the cementum. 
They described three types of cementum: alacunar, the most highly 
min~ralized; lacunar; and, intermediate. Th~ intermediate type 
was described originally by Bl,ckwood (26) • . 
Rockert (27) found no systematic difference in mineral content 
between cementum at different levels of the same teeth. Nor did 
he find any such difference between different teeth or teeth in 
.• f 
• different age groups. This suggests that the cementum .of teeth 
with normal function and with normal occlusal loads are mineralized 
to approximately the same degree. 
Hematoxylin staining of demineralized cementum has generally· 
been accepted as an indication of the previous dis•tribution of 
mineral (28). The use of microradiography disclosed a distribution 
of mineral which was not accurately reflected by the staining reactions 
of demineralized material. When the two methods were combined only a 
partial correlation was demonstrated between dentin matrix polysaccharide-
protein complexes and the distribution of mineral (28). This same 
study reported that the number and severity of dentin abnormalittes 
increased with increased fluoride concentration and with increased 
I 
time on fluoride diets. 
.. 
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The fluoride concentration of various skel~tal tissues is 
proportional to their proximity to the circulating blood (29). 
Injected fluoride rapidly leaves the circulating blood and 
becomes stored in skeletal tissues. The kidney serves as an 
adjunct to the skeletal system in maintaining an effective fluoride 
homeostasis (7). 
More recent analyses of human teeth have been concerned with 
fluoride concentrations only in enamel. It has been shown that the 
concentration of fluoride is higher in surface enamel than ·iR the 
deeper layers (30). The mean fluoride concentration of the enamel 
of intact anterior teeth varied from 400 to 2500 ppm (22). Dental 
pulp and cementum have been shown to be highest in fluoride content 
as compared to enamel, dentin and alveolar bone (23,31). The mean 
fluor.ide values reported are 732 ppm for cementum, 312 ppm for 
surface enamel, 388 ppm for supra-gingival calculus and 242 for 
subgingival calculus (23). The range of fluoride in the dental pulp 
is 70 to 1,450 ppm (31). This wide range of mean fluoride values 
for human teeth is attributable to the varied fluoride levels of 
the drinking water of the subjects, the age of the subjects when 
the samples were obtained, the nature of the diet, and the presence 
of fluoride in the dentifrice. 
These reported mean fluoride values are obtained from analyses 
performed on ashed samples which are then distilled to separate the 
fluoride according to the method of Willard and Winter (32) or 




be assess~d by titration according to Smith and Gardner's method (34). 
A spectrophotometric procedure has been recently described but it, 
too, is tedious and requires an adjustment of sample size to the 
narrow range of fluoride necessary for an accurate determination (35). · 
Frant and Ross (36) described electrodes constructed from 
single-crystal sections of rare earth fluorides. These electrodes 
respond to fluoride ion activity over more than five orders of 
magnitude and show a ~igh selectivity for fluoride over other common 
anions. The use of the fluoride ion activity electrode permits direct 
measurement of the fluoride concentration and requires no separation 
or adjustments ·of sample size (37). This technique has been used 
successfully by McCann and others on mineralized tissues but cementum 
has never been analyzed (37-40). In this study, a specific controlled 




Materials and Methods 
' 
Sixty female rats derived from the Sprague-Dawley strain, 
. .. ' . 
averaging eighty grams, were utilize~ for this study. Twenty-
four rats, age thirty-six days at the onset of the study were 
divided into four groups as follows: Group I - four controls, 
Group II - four rats ingesting 100 ppm fluoride in their drinking 
water for twenty-two days, Group III - eight controls, and Group 
IV - eight ra~s ingesting 100 ppm fluoride for ;hirty-five days. 
Thirty~six rats, age thirty-one days at the start ' of the study 
were divided as follows: Group V - twelve controls, Group VI -
' 
twelve rats ingesting 50 ppm F for twenty-eight days, and Group 
VII.- twelve rats ingesting 100 ppm F for twenty-eight days. 
During the course of this study four rats from Group V, one rat 
in Group VI, and two rats in Group VII died. The rats in Groups 
V, .VI, and VII comprised a separate s~ipment, although the source 
of all the rats was the National Institutes of Health. The animals 
were housed two or three per cage and were fed Purina Laboratory · 
Chow and tap water or fluoridated water ad libitum. A stock 100 ppm 
F solution was prepared by adding 0.2111 grams NaF to a liter of tap 
water. The rats were sacrificed with ether, decapitated, and the 
heads were autoclaved for forty-five minutes at 121 Centigrade· and 
fifteen pounds per square inch of pressure. After defleshing, the 
mandibles and maxillae were removed and cleaned. The maxillary and 
mandibular first and second molars were extracted. One sample was 
, 
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obtained from each rat by pooling the apical one millimeter of 
the roots of the first and second maxillary and mandibular molars. 
After weighing on a Gram-Atic balance, the samples were ashed 
in Vycor crucibles in a Lab-Heat Muffle furnace for twenty-four 
~ hours at 575 C. The ash weight was determined and the ash product 
was dissolved in one ml. of 0.5 M perchloric acid, then four ml. 
of 0.5 M trisodium citrate was added. The sample was then ready 
for analysis. 
It is necessary to prepare several standard solutions of 
fluoride in order to calibrate the equipment and enhance the accuracy 
of the determinations. These solutions are made by appropriate . 
dilutions of a know standard solution of fluoride to yield new 
standards with concentrations of one, ten, and 100 ppm F. A fourth 
solution was prepared utilizing perchloric acid, trisodium citrate, 
and deionized water to give a zero ppm F solution. This latter 
.solution served the dual function of verifying the purity of the 
trisodium citrate and perchloric acid solutions. All solutions were 
stored in polyethylene containers to prevent loss or gain of fluoride 
from glass. 
The purpose of the citrate ion is to complex aluminum in order 
to permit measurement of the fluoride concentration. Aluminum is 
often found in dentine and can interfere with electrode measurements 
by complexing fluoride ion (37). In the analysis of mineralized 
tissues, citrate serves the dual role of preventing aluminum 
interference and preventing precipitation of fluoride -as fluorapatite 
-8-
I 
or calcium ~luoride by complexing the calcium. Additionally,: the 
I I 
citrate buffers the solutions to a pH of 5 or 6 and this aids in 
m~intaining a constant ionic strength (37). It has been found 
necessary tq utilize an acid pH in order to prevent phosphate 
interferenc~ at fluoride levels below 10-5 M (40). 
The Ionalyzer (Orion Research, Inc., model 401) is calibrated 
by establi,~ing a midline or center scale reading with one of the 
prepared fluoride solutions. Then a second solution with a concen• 
'tration within one decade of the first is checked. If it does not 
read exactly as anticipated, adjustments are made on the instrument 
to give a correct reading. These adjustments give the Nernston slope 
for the electrodes being used (fluoride ion activity electrode 
model 94-09 and Ag-AgCl reference electrode model 90-01-00). This 
correction enhances the accuracy of the apparatus and is a constant 
for the determinations which follow. The unknown solutions are 
then analyzed and the readings on the instrument are the concentrations 
of fluoride in the five ml. sample. Solutions were mixed automatically 
by using polyethylene coated metal stirrers and a laboratory magnetic 
mixer. The fluoride concentrations were calculated by relating the 
specific gravity of the solvent, the quantity of solvent, and the 
concentration of fluoride to the amount of material in the sample to 
yield the ppm Fin tooth. This approach to fluoride .analyses was 
chosen on the basis of various reports (23,31,33,35,37-41) and is 





The results clearly indicate that there is a significant 
increase of fluoride in the cementum of the experimental rats 
when compared to the controls (TABLE I and II). The mean fluoride 
concentration of the ashed samples in Groups I, II, III, and IV 
• 
ranged from 2000 to 2100 ppm for the controls and 6200 to 6500 
for the experimental rats. The rats in group V had a mean fluor-ide 
concentration of 500, Group VI was 1700, and group VII was 3900 ppm • 
. 
The actual effects of the fluoride administered in the drinking 
water can be considered to be the difference between the means for the 
experimental 'and control groups. For the 100 ppm aspect of the 
study these mean values are 4500; 3400; and 4100 ppm for the 22, 
28, and 35-day experiments (TABLE III). These figures indicate a 
relatively linear relationship in which case an optimal concentration 
or a temporary plateau has been achieved. A study of longer duration 
could establish which of the above was correct. 
The results of the statistical analysis of Groups V, VI and VII 
is that the findings are significant (F~349, P <.001). An analysis 
of variance of the linear dose effect sho~a significant (Fl+26 df-678; 
P <.001) linear relationship. This is easily observable (TABLES II, IV) 
for the 100 ppm group has a fluoride concentration nearly three times 
that of the 50 ppm group. 
In all groups the control rats gained slightly more body weight. 
The fluoride administered in the drinking water did not appear to have 





The results indicate that an increased fluoride concentration 
can be produced in the cementum of rat molars. This has been 
achieved by the administration of 50 and 100 ppm fluoride in the 
drinking water for 22 to 35 days. , A dose dependent relationship 
is apparent (TABLE II) and this confirms reports .which state that 
fluoride ion retention in hard tissues increases in direct proportion i • 
to the fluoride dose and to the duration of its application (42) • 
. ' 
However, in the results presented, no time dependency relationship 
. ' 
is demonstrable. 
The values presented for the mean fluoride concentrations of rat 
• 
~ementum appear significant when compared with prev~ous reports. 
The corrected mean values of 3400 to 4500 ppm F for the present 
samples are the highest reported for this type of sample in both 
humans and animals. These values are much higher than the 732 ppm F 
reported by Yardeni and co-workers for the cementum of human teeth (23). 
They are also higher than the range of 2700 to 2400 ppm which are 
the fluoride values of human dental pulps and cementum reported by 
. 
Yoon, et al (31). McCann (37) reported values for human dental tissues 
of 185 to 2250 ppm F. The values reported for a sample of apatite 
ranged from 203 to 6380 ppm F. 
The presence of fluoride in the control samples cannot be 
attributed to the drinking water. The analysis of the water revealed 
no detectable fluoride. The remaining sources are the laboratory 




Neither of these sources were evaluated since control groups were · 
utilized to enable correc·tion of the experimental results. The 
incorporation of prenatal fluorides into the embryo by placental 
transfer is well-documented in humans and animals (43-49). ·It 
is established, however, that rats do not stare surplus fluoride 
as do humans (41). Growing rats show a diminishing ability to 
store fluoride in bones and teeth, but during the period of rapid 
growth they rapidly accumulate fluoride (50). This period of rapid 
growth certainly corr~sponds to .the period prior to and during ' this 
project, so that all available sources of fluoride could be expected 
to be retained. 
No deleterious effects of fluoride were observed and the 
experimental animals gained a normal amount of body weight (TABLE VI). 
There are conflicting reports in the literature about the effects 
of fluoride on body weight. In one studythere was a decrease in body 
weight which was claimed to be a direct function of the fluoride 
dosage (42). Others have reported that no significant weight gains 
or losses occurred in rats on different fluoride regimes (43,51). 
In still another, the amount of fluoride in the diet was found to 
have influenced the body weight in all groups tested. The animals 
on fluoride regimes lost weight between the second and fourth weeks 
and then gained weight between the fourth and sixteenth weeks (28).· 
It will be necessary to establish and control the variables relating 
to body weight before a complete understanding of the effects of 
, 
fluoride alone can be considered. 
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It has been reported that some of the factors involved in 
the rate of deposition of fluoride in human alveolar bone and 
dental tissue are the following: . the bone permeability, the 
rate of structural remodeling, and the degree of contact with 
various sources of fluorides, e.g. drinking water, saliva or 
tissue fluids (52). The fluoride results in the formation of bone 
which consists of larger inorganic crystals of more perfect 
structure (7). This bone is considered harder and less reactive 
. than other bone (53,54). Other research has suggested that 
fluoride has a protective effect on alveolar bone (55-57). 
It has been reported that because cementum is highly permeable 
and has a great reactive surface area for absorption of fluoride 
ion from tissue fluids, it can be expected to have a greater 
concentration of fluoride than other mineralized tissues (25). 
Also, there is a higher fluoride level in cementum because it is 
more stable than bone and does not undergo constant resorption 
and apposition. 
The first attempts to obtain a sample were di~ected towards 
collecting pure cementum. This was not considered a .feasible 
approach for an initial investigation because there was no sure 
method for separating cementum from dentine. The use of curettes 
to plane of.£ superficial layers of cementum was attempted but 
discarded because of the varying dimensions of cementum about the 
root of the tooth. This dimensional problem also negated the use 
of chemicals to etch off molecular layers ~f cementum. By utilizing 
-13-
a consistent approach whereby the apical one millimeter of the 
roots of the maxillary and mandibular first and second molars 
comprised the sample, a reproducible method is established • 
• 
Histological observations of the apical portion of rat molars 
reveals proportionately larger quantities of cementum than is 
found about the apices of human teeth. Therefore, the samples, 
although of a mixed cementum and dentine quality, are primarily 
cementum. Once a fluoride concentration value is established for 
this particular sample, values can eventually be ascertained for 
' 
curetted or etched samples of cementum. If these latter samples 
have higher fluoride values, they can, by correlation to human 
• 
studies, be considered to be purer cementum. This assumption is 
based on human studies which report a fluoride content which 'is 
higher in the cementum than dentine (23,31,37). Pure dentine samples 
can be obtained by dissolving the enamel and by grinding away the 
cementum. This type of sample can also be used to aid in establishing 
the purity of the sampling method outlined in this project. 
Considering the high conc.entration of fluoride in the present 
samples, it is probable that they were mostly cementum. It would 
require a project of similar scope testing dentine to determine just 
how pure my sample actually is relative to cementum. 
Based on the actual values as well as the statistical significance 
of the experimental results, the methodology and technique of this 
project has been proven reliable, simple, and reproducible. More 
work is needed in this area to establish the fluoride concentration 
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Effect of ingesting fluoridated water (100 ppm) on the 
fluoride content of samples of cementum from rat molars 
Treatment No. of Ash weight (mg) 
Days 
0 ppm (4) 22 5.1±1.1 · 
100 ppm (4) 22 5.0 ± 1.1 
0 ppm (8) 35 11.8 ± 0.95 
100 ppm (8) 35 10.7 ± 0.95 
Number in parentheses equal number of rats. 
Values are mean± SE 
' 
ppmF/5 ml solvent µgF ppmF/mg ash 
- 1.3 ± 0.6 - 6.9 ± 3.2 2,000 ± 636 
6.2 ± 0.6 32.6 ± 3.2 6,500 ± 636 -
4.4 + 0.43 23.6 ± 2.3 2,100 ± 265 
12.4 ± 0.43 65.6 + 2.3 6,200 ± 265 
-21-
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Effect of ingesting fluoridated water (50 & 100 ppm) 
on the fluoride content of samples of cementum from rat molars 
Treatment No. of Ash weight (mg) ppmF/5 ml solvent 
days 
0 ppm (8) 28 11.9 ,± 0.7 ~ 
50 ppm (11) 28 13.7 ± 0.7 
'! 00 ppm (10) 28 10.5 ± o. 7 
Number in parentheses equal the number of rats. 
Values are mean± SE 
1.2 ± 0.2 
4.5 ± 0.2 
7.6 ±0.2 
µgF ppmF/mg ash 
6.2 ± 1.3 500 ± 94 
' 23.6 ± 1.1 1,700 ± 80 




Net Gain in 







Effect of ingesting fluoridated water (100 ppm) on 





Values are mean+ SE 
I 
ppmF/5 ml solvent 
4 • 9 ± 0. 8*** , 
6 • 4 ± O. 3-k-k* 
8.0 ± 0.6*'-k* 
·*** p <.001 as compared with controls. 





26.0 ± 4.2*** 
34.3 ± 1.6*** 
42.0 ± 3.3*** 
• 
ppmF/mg ash 
4,500 ± 901** 
3,400 ± 126*** . 




Effect of ingesting fluoridated water (50 & 100 ppm) on . 
samples of cementum from rat molars when background fluoride is considered 
·perimental Time Dose ppmF/5 ml solvent_. 
28 Days 0 ppm 1.2 ± 0.2 
28 Days 50 ppm 4.5 + 0.2 
28 Days 100 ppm 7.6 ± 0.2 
' alues are means± SE 
=** p <.001 as compared with controls. 
1) Difference between means for 50 ppm and O ppm • 
.. 2) Difference between means for 100 ppm and 50 ppm~ 
3) Difference between means for 100 ppm and O ppm. 
--
Difference between means ppmF/mg ash 
- 500 ± 94 
1700 ± 80 
(1) 3.3 ± 0.29 *** - . 
3900 ± 85 
(2) 3.1 ± 0.30 *** 





Difference between means 
(1) 1200 ± 123 *** 
(2) 2200 ± 126 *** 
(3) 3400 + 126 *** 
,. 
